Abstract : This study investigates the influence of different levels of wood heat treatment on the quality of a Cognac spirit using a pilot barrel model. The pilot barrels were composed of a stainless steel cylinder closed at both ends by a piece of stave. The aim of the study was to analyze the impact of wood heat treatment on Cognac in both analytical and sensory terms and to confirm the validity of the pilot barrel model. The findings give a relatively wide view of the influence on the composition of Cognac of new wood heated at different temperatures. Heating gave notes of «vanilla» and «toasted» to the spirit while excessive heating led to lower quality with the appearance of «fungus» and «dusty». The good quality of the spirits obtained validates the pilot barrel as a model for the extraction of wood compounds by spirit.
INTRODUCTION
During the manufacture of barrels in which Cognac spirits are matured, the oak wood is heated. This process is essential for shaping the body since it decreases the mechanical resistance of the wood. Thereafter, the wood may be heated again in order to develop aromas, a process known as «bousinage». We studied the influence of various levels of wood heating on the quality of Cognac by using a pilot barrel model. Working with a pilot barrel closed at the extremities by pieces of stave constitutes a compromise between working with small pieces of wood such as sawdust and chips, which is a rapid and inexpensive method allowing the raw material wood to be controlled but which does not faithfully reproduce the transfer phenomena occurring in barrel, and real barrels, in which it is difficult to control the raw material wood. The aim of the study was as follows: to gain insight into the impact of oak wood heat treatment on Cognac spirits from an analytical and sensory viewpoint; to confirm the validity of the pilot barrel as an experimental model for working with small volumes. barrels. The authors attributed the difference to a higher rate of oxidation in the miniature casks, a finding which may be partly explained by the very different surface/volume ratios for the two types of container. The spirit remained 24 months in the miniature casks and 60 months in normal barrels. The initial wood impregnation in the miniature cask was very high, leading to a large loss of volume and a considerable ullage above the liquid. There was no topping up in the protocol. FEUILLAT et al. (1994) tested a system composed of a PVC tube in which both extremities were blocked by wooden stoppers. This system, which gave a volume/wood surface ratio comparable to that of a real barrel, was used as a model by PUECH et al. (1996) and by FEUILLAT et al. (1997) to study the extraction of wood compounds.
WOOD HEATING
Many authors have examined the effect of heating wood. One strategy consists in heating wood chips in the laboratory in different heating conditions (temperature x time) (SARNI et al., 1990 ; GIMENEZ MATI-NEZ and LOPEZ GARCIA, 1996) . The extracted compounds are measured on the macerated chip solution. Another strategy consists in first heating staves either in real conditions (NOMDEDEU and LÉAUTÉ, 1988a ; CHATONNET, 1995 ; CHATONNET et al., 1996 ; CADAHIA et al., 2001) or in the laboratory (CANAS et al., 2000) . It then becomes possible to sample wood particles on the heated staves and to perform maceration in order to assay the extractible compounds. This reveals a heat gradient in the thickness of the stave, from the face exposed to the heat to the unexposed face.
Oakwood heating may also be studied in full size by placing in barrels the product under study or a model solution such as wine and a hydro-alcoholic solution (12 % volume) (NOMDEDEU and LÉAUTÉ, 1988a and b) , brandy (RABIER and MOUTOUNET, 1990 ; ARTAJONA et al., 1990 ; PUECH and MAGA, 1993) , Cognac spirit (LAVERGNE et al., 1990 ; CALVO et al., 1992 ; CANTAGREL et al., 1992) or whisky spirit (PIGGOTT et al., 1993) . In the case of wine, interactions occur between the extracted compounds of the wood and those of the wine, and the model solution makes it possible to measure the contribution of the wood more precisely (NOMDEDEU and LÉAUTÉ, 1988a) . MOSEDALE and FORD (1996) used an intermediary protocol in which 14 x 1 x 1 cm wood bars were heated in an oven at 200 °C for 0, 30, 60 and 120 minutes. The extraction time was 6 months.
The compounds studied also differ, the lignin derivatives (vanillin, vanillic acid, coniferaldehyde, synringaldehyde, syringic acid, sinapaldehyde), the furanic aldehydes (furfural, 5-methyl furfural, 5 hydroxymethyl furfural), gallic acid and ellagic acid being the most frequently tested.
MATERIAL AND METHODS

I -PILOT BARREL
The protocol of FEUILLAT et al. (1994) was modified as follows. The tube was made of stainless steel, an inert material in relation to spirit. The pieces of wood were not embedded but were pressed against the tube, therefore allowing non-rounded pieces to be used (figure 1). Tightness was ensured with a wet flour paste as in cooperage, because plastic or similar washers do not remain inert during prolonged contact with spirit. The diameter of the tube was 10 cm and 27 cm long. This length was chosen to mimic the surface/volume ratio of a 350 l barrel.
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II -OAK WOOD (NATURE AND HEATING)
The experimental material was composed of two pieces of cask wood having dried for more than three years in free air. Both pieces were cut into five sections, and five pairs were made including one section from each piece. Each pair underwent a different level of heating in the laboratory (table I) and then served as stoppers for a pilot cask. This ensured that the raw material was homogeneous between the five pilot barrels to be tested at the five different levels of heating. The temperatures were those measured in the empty oven without the wood (table I, figure 2).
III -COGNAC SPIRIT
The pilot barrels were filled with a new Cognac spirit (70 % vol.). After maturation for three months in the laboratory (25 °C), the pilot barrels were emptied and the samples were analyzed and tasted.
IV-CHEMICAL ANALYSES
Total phenols were determined using the procedure described by BLOUIN (1972) with Folin-Ciocalteu reagent.
Determination of ellagitannins was carried out by high-performance liquid chromatography according to the technique developed by PENG et al. (1991) and VIRIOT (1995) . Results are expressed in milligrams of ellagic acid calculated by the difference between total ellagic acid (after acid hydrolysis) and the preexisting free ellagic acid.
Phenolic acids, aromatic aldehydes, furanic aldehydes, aesculin and scopoletin were determined by high performance liquid chromatography. The column was a C18 silica type with spherical beads. Flow rate 1 ml/min. Eluant A (water: 95.5 %, acetic acid: 4 %, propanol-1: 0.5 %), eluant B: 100 % methanol. Other volatile phenols were converted into 2,4-dinitrophenyl ethers with the aid of 2,4-dinitro-1-fluorobenzene according to the technique of LEHTONEN (1980) . After extraction, the derivatives were analyzed by gas chromatography with detection by electron capture.
Fatty acids were assayed according to the protocol described by VIDAL et al. (1994) .
Volatile compounds were assayed by on-column injection gas chromatography or after isooctane extraction (CANTAGREL, 1986) .
Sugars were transformed into TMS-oxime derivatives and polyols and organic acids were transformed into TMS derivatives. 400 µl of sample or reference solution and 400 µl of internal standard solution were mixed in a 1.2 ml flask. 200 µl of the preceding mixture were placed in a flask for automatic injection with two drops of ammonia, and then were evaporated under nitrogen. Next, 100 µl of hydroxylamine hydrochloride solution in pyridine were added. The flask was stoppered and heated at 70 °C on a hot plate for 30 minutes. The sugars and acids were then transformed into silylated derivatives by adding 200 µl Sylon BFT for 20 minutes at 70°C. A blank with different reagents was performed at the beginning of each series of analyses.
The gas chromatographic conditions were as follows: FID detector, split-splitless injection, silica glass capillary column type CPSIL 5 CB (50 m x 0.25 mm x 0.12µm), carrier gas hydrogen, injector 260 °C, detector 280 °C, 1 µl injection in split mode, temperature range: 45°C (0 min) increasing 4 °C/min up to 280 °C for 5 min.
The silylated derivatives of some sugars gave two or several chromatographic peaks, but only the highest peak was used for quantitative analysis. The solution of internal standards was a mixture of two compounds. Vanillic acid was used to quantify acids and phenylglucopyranoside to quantify sugars and polyols. Since quercitol is not available commercially, it was quantified by using the response factor of myo-inositol.
V -SENSORY ANALYSIS
An 11-person panel was composed of professionals working in the field of Cognac such as vintners, winebrokers and analysts. The Cognac spirits were pre- sented to the tasters undiluted (the level of dilution being chosen by each taster) and in blue glasses, in order that the tasters should not be influenced by the color.
The first part of the tasting sheet contained 5 descriptors to evaluate a scale of 0 to 5 : quality of wood aroma (nose), bitterness, astringency, acidity and overall appreciation. In the second part, tasters gave free descriptors of each sample. The last part was a purchasing question (yes/no), which was presented as follows: «Would you buy these spirits at a reasonable price?» The aim of this question was to validate the pilot model by showing that the spirits obtained were organoleptically similar to commercially available ones.
RESULTS
I -TASTING
The average notes obtained are presented in table II and figure 4. No taster appreciated the sample corresponding to very strong heating (table II) , which was often attributed a note of «fungus», «dusty», «musty», «heavy» and «earthy». The sample matured in unheated wood was not highly appreciated, the wood aroma being almost absent and described as «plant». The spirits corresponding to the three intermediary levels of heating were globally appreciated and judged «vanilla», but the optimal level of heating was different for each taster. The sample corresponding to the average level of heating received the best appreciations and therefore constituted the best compromise between the preferences of the various panel members.
II -CONCENTRATION FACTOR
The spirits matured in pilot barrels underwent a loss of volume that may largely be attributed to the impregnation of the wood. A phenomenon of concentration also occurred that was probably due to the evaporation of the most volatile substances, particularly ethanol. This concentration was evidenced by the levels of higher alcohols. While new spirit contained 3 736 mg/l, the mean higher alcohols level after maturation in pilot barrels was 3 863 mg/l (table XIII). The levels were homogeneous for all pilot barrels.
In order to assess the impact of wood on the compounds already present in new spirit, it is preferable to take this factor of concentration into account. Since higher alcohols undergo very little change during aging, their concentrations were used to calculate the concentration factor. Thus, the levels in new spirit were multiplied by 3863 / 3736 = 1.034.
III -COMPOSITION 1) Total polyphenols
The new Cognac spirit contained very few phenolic compounds (table III) . Some volatile phenolic compounds were present but at only very low levels (cf. III.3.4., table VI). Most of the phenolic compounds came from the oak wood. The level of polyphenols increased in relation to the heating temperature and decreased at the highest temperatures. The level of polyphenols resulted from a balance between degraded compounds such as tannins and lignin, which is difficult to extract, the released molecules such as ellagic acid and the extractible derivatives of lignin, and the ability of the spirit to extract various molecules.
2) Tannins and derivatives
Irrespective of the temperature (table IV), the levels of ellagitannins, particularly combined ellagic acid, were low. Gallic and ellagic acid levels evolved similarly in relation to heating temperature. First, an increase occurred probably due to the release of these molecules by thermal degradation of the more complex chemical forms, particularly the tannins. Thereafter, the levels decreased at the highest temperatures.
3) Lignin derivatives
Lignin derivatives are provided by the wood and their levels were strongly influenced by heating temperature (table V) . The results may be summarized as follows:
-unheated wood released very few cinnamic compounds such as sinapaldehyde and coniferaldehyde; -heating partly degraded the lignin and released derivatives which are easily extracted in the spirit; -the forms released by heating were mainly:
• syringylated forms compared to guaiacyl forms (ratio about 2/1);
• cinnamic aldehydes such as sinapaldehyde and coniferaldehyde; -the higher the temperature, the larger the amount of derivatives. At very high temperatures, the aroma- -the higher the temperature, the lesser the guaïa-cyl/syringyl ratio, except at very high temperatures.
4) Other volatile phenols
The assay method used was not efficient to assay syringylated forms. These forms were present and in greater concentrations than the guaiacyl forms (CHATONNET, 1995 ; PUECH and MAGA, 1993) , and their concentrations paralleled those of the lignin derivatives (cf. III.3.3.). The new spirit which we used already contained all of the volatile phenols assayed (table VI) . Unheated wood mainly released eugenol. Whatever the heating temperature, the quantities of 4-ethylphenol released by the wood were very low. As the heating temperature increased, there was an increase in the levels of all the other volatile phenols. At the highest temperature, eugenol was partially degraded.
5) Furanic aldehydes
Unheated oak wood released hardly any furanic aldehydes. The levels in the unheated pilot barrel were identical to those in new spirit (table VII) . Heating led to the formation of furanic aldehydes by thermal degradation of hemicelluloses.
6) Coumarins
Even the lowest heating temperatures led to an increase in the levels of scopoletin (table VIII), while the highest temperature led to partial degradation of this compound.
7) Sugars and polyols
Many sugars and polyols were released by the oak wood into the spirit (table IX) . According to the temperature, there were two types of behavior: for D-xylose, arabinose, quercitol and L-rhamnose, there was an increase and then a decrease at higher temperatures; for 1,2,3-propanetriol, fructose, myo-inositol and saccharose, there was a decrease and then an increase.
8) Methyl octalactones
Levels of methyl octalactones increased as heating increased. However, at the highest temperature, degradation began to occur (table X).
9) Fatty acids
New wood released large quantities of acetic acid and appreciable quantities of propanoic acid, with levels continuously increasing as temperature increased (table XI). The long chain fatty acids released by the wood behaved very differently. On the one hand, for hexadecanoic acid and poly-unsaturated C18 acids such as linoleic and linolenic acid, there was first a decrease and then an increase at higher temperatures. On the other, oleic acid levels (C18 unsaturated in one step) increased and then decreased at very high temperatures. The levels of ethyl esters corresponding to the above-mentioned fatty acids did not follow the same pattern, probably because their balance was not yet reached. For example, there was no noticeable change in levels of ethyl acetate or ethyl hexadecanoate ( 
DISCUSSION
I -VALIDITY OF PILOT BARREL AS MODEL
The informal tasting session demonstrated similarity between Cognac spirits obtained in pilot barrels and commercial ones. For an identical maturation time, levels of oak wood compounds were higher in spirits obtained from pilot barrels than in those matured in real new barrels (CALVO et al., 1992 ; PUECH and MAGA, 1993) . These high levels are probably due to more rapid diffusion phenomena, since the distances in the pilot barrel are smaller than in real barrels. No oxidation phenomena were observed over a period of four months. Ethanal and 1,1-diethoxyethane levels were similar before and after aging in pilot barrels.
The first pilot barrel prototype to be designed had a wider diameter cylinder (BARBOTIN, 1997). The wood stoppers at the two ends were made out of two pieces of stave joined as the heading of a real barrel but without strips of reed. In that prototype, ethanal and 1,1-diethoxyethane levels had already evolved after three months. The joint between the two staves was probably not as tight as those of the body of a barrel because the staves are compressed during wood bending. Therefore, these findings suggest the following:
-the use of entire pieces of stave makes it possible to model only the extraction phase of the wood; -if two jointed pieces of stave were to be used, it would be possible to model the aging of spirit in barrel more accurately by taking into consideration oxidation phenomena; -the pilot barrels are a reliable tool for determining where the oxygen comes from, because it is possible to make the bung hole completely tight and to use whole wood or jointed wood.
II -COMPARISON OF PILOT BARRELS WITH WOOD PARTICLE EXTRACTS (SAWDUST, CHIPS)
This section deals with the advantages of pilot barrels in relation to sawdust and chip extracts. Finally, the maceration time may be reduced because the area of contact between the wood and the liquid is high. However, particle size has a direct impact on the sensory qualities of the extract and on the composition of the extractives. The smaller the particles, the lower the maximum sensory quality compared with that obtained with barrels. When sawdust is used, tasters detect "dusty" notes. The smaller the particles, the better some compounds are extracted, e.g. ellagitannins. This effect of particle size is due to the heterogeneity of the wood; the finer the particles, the greater the difference to the structure of real wood.
Maceration/extraction time also plays an important role mainly for the bound compounds that are extractible after hydrolysis. For example, with 10-day maceration of chips (1 x 0.2 x 0.3), we observed a continuous decrease in levels of acetic acid and linoleic acid according to the temperature of treatment (different durations at thermostat 8). In pilot barrels, the opposite phenomenon was found for acetic acid, while linoleic acid behaved in a more complex manner. These discrepancies may be due to the following reasons:
-when small wood particles are used, the acetic acid released by heating becomes volatile, whereas with staves, the acid formed inside the wood is retained by the structure of the wood; -the acetic acid and linoleic acid extracted during maceration are the most accessible forms, while the combined forms are much less extracted; -the most accessible forms are probably more sensitive to the action of heat.
The pilot barrels in which pieces of stave were used produced spirits that were more similar to the spirits obtained in real barrels than those obtained by maceration with wood particles. 
III -IMPACT OF HEATING
The impact of heating on the organoleptic characteristics and composition of wood extractives is discussed below.
1) Tasting
Our results are in agreement with those of ARTONAJA et al. (1990) , i.e. low heating temperatures gave more flowery, fruity notes whereas higher temperatures led to vanilla notes which were highly appreciated by the tasters. LAVERGNE et al. (1990) also obtained comparable data, i.e. high temperature leading to toasted notes and low temperature providing finesse and lightness. Very high temperatures were detrimental, leading to the appearance of «fungu», «dusty».
2) Tannins and derivatives
In agreement with the findings of PUECH et al. (1996) , ellagitannins were only slightly extracted in pilot barrels. Gallic acid levels decreased as heating temperatures increased, probably due to its partial degradation when heating (RABIER and MOUTOUNET, 1990 ; CHATONNET, 1995 ; GIMENEZ MARTI-NEZ and LOPEZ GARCIA, 1996) . With regard to ellagic acid, the decrease we observed as temperature increased is in disagreement with previous findings (RABIER and MOUTOUNET, 1990 ; CHATONNET, 1995) . It is unlikely that this decrease was due to degradation since ellagic acid is only slightly heat-sensitive (CHATONNET, 1995) . MOSEDALE and FORD (1996) obtained higher ellagic acid levels after heating for 60 minutes and then a decrease after 120 minutes.
3) Lignin derivatives Levels of lignin derivatives were similar to those previously published (NOMDEDEU and LÉAUTÉ, 1988b ; RABIER and MOUTOUNET, 1990 ; CHATONNET, 1995 ; GIMENEZ MARTINEZ and LOPEZ GARCIA, 1996 ; CADAHIA et al., 2001 ).
4) Furanic aldehydes
For furanic aldehydes, levels increased continuously as heat increased, in agreement with previous findings (NOMDEDEU and LÉAUTÉ, 1988a and b ; RABIER and MOUTOUNET, 1990 ; CHATONNET, 1995 ; CHATONNET et al., 1996) .
5) Methyl octalactones
The increase in methyl octalactones is in agreement with previous findings (NOMDEDEU and LÉAUTÉ, 1988b ; MAGA, 1989 ; CHATONNET, 1995) .
6) Coumarins
Unlike MOSEDALE and FORD (1996), we found an increased level of scopoletin at lower temperatures and then a decrease at higher temperatures. However, CADAHIA et al. (2001) found that aesculetin levels varied after heating according to the type of wood. These findings suggest that scopoletin exists in combined forms.
7) Fatty acids
First, glyceride forms of the wood were hydrolyzed; second, the fatty acids released were again esterified, usually with the ethanol of the spirit. The glyceride forms are probably not the only forms of combined fatty acids. In fact, compared to fatty acids, there were fewer moles of glycerol (1,2,3-propanetriol). For certain fatty acids and in relation to the heating temperature, levels decreased and then increased, a behavior probably due to two concomitant phenomena: thermal degradation of the most extractable forms at the lowest temperatures; thermal degradation of the less accessible non-extractable combined forms at higher temperatures.
8) Sugars and polyols
Certain sugars behaved like the fatty acids. 9) Other compounds CADAHIA et al. (2001) assayed furoic acid in heated and unheated wood, and found that its levels increased after heating. Methanoic acid, acetic acid and propanoic acid are small molecules which are likely to be released during degradation of the more complex forms.
CONCLUSION
This study demonstrates the impact of the oak wood heating on the composition and sensory aspects of Cognac spirits. Although we studied several compounds, many of the volatile compounds having an impact on aroma were not assayed, particularly those providing the notes «fungus» and «dusty» that are found for oak wood heated at a high temperature. Olfactometry would be a useful tool to study these volatile aromatic compounds. Pilot barrels filled with a hydro-alcoholic solution would make it possible to differentiate the contribution of the wood from that of new spirit, and would facilitate the identification of compounds and olfactometric analysis. The results obtained by the tasting panel validated the relevance of the pilot barrel model. Therefore, we conclude that such barrels are a useful tool for studying certain fac-
